DOCUMENT RESUME

EC 074 135 : , T™M 002 498
AUTHCR Williams, Cynthia L.
TITLE Effects of Training on Rating Eellablllty, as

Estimated by ANOVA Procedures, for Fluency Tests of
Creativity.

PUB LDATE Feb 73

NOTE 31p.; Pagper presented at annual meeting of the
National Council on Measurement in Education, AERA
(New Orleans, Laulslana, February 25-March 1,

1973)
DESCRIPTORS Analysis of Variance; #*Evaluation Criteria;

*Examiners; *Scoring Formulas; Speeches; #*Test
Results; *Training Techniques; Volunteer Training
ICENTIFIERS *Divergent Procduction Battery

Each test in the Divergent Producticn Lattery
requires the examinee to produce a response. Since these responses
must be evaluated, the factor of rater judgment influences the
reliability of scores. The problem of scoring reliability is one
which pervades the literature on creativity research, where either
low estimates or no estimates have been reported when tests from the
battery are used. The purpose of this study was to develop a training
.program for raters of some Divergent Production fluency factor tests
and to evaluate this program. An experimental design was generated
for the evaluation and the scoring reliability was estimated through
analgsi% Gf variance pfecedures. Gﬁneral prinziples far training

(Authcr)




"L

LN
i
-
<o
o
L)

U.E. DEPARTMENT OF HEALTH,
EDUCATION & WELFARE
OFFICE OF EDUCATION

THIS DOCUMENT HAS REEN REPRO.
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIG-
INATING IT POINTS OF VIEW OR OPIN-
10NS STATED Do NoOT NECESSARILY
REPRESENT OFFICIAL OFFICE OF EbU.
CATION POSITION OR POLICY

*TLMED FRi)M BEST AVAILABLE ?QE‘{

EFFECTS OF TRAINING ON RATING RELIAUILITY, AS ESTIMATED BY

ANOVA PROCEDURES, FOR FLUENCY TESTS OF CREATIVTTY

-

Cynthia L. Williams
University of Pitteburgh

Presented at the Annual Meeting of the
National Council on Measurement in Education
New Orleans, Louisianna

February, 1973

e



ANIGVA PROCEDURES, FOR FLUENCY TESTS OF CREATIVITY
Cynthia L. Williams
University of Pittsburgh
Measures of créafive mental abilities, such as the divergent
production battery developed by Guilford and his cgileagues (e.g.,
Guilford, Wilson, & Christensen, 1952 Guilford, Kettner, & Christensen,
1954), require the examinees o praiuce a réspansea given some basic

information. Since these responses must then be evaluated, the factor

of rater judgement influences the reliability of response snores. Re-
search on the problem of rater judgément has indicated that ﬁatéfsﬁ in
general, tend to differ from cne another in the seﬂfiﬁg eriteria apoliad,
_té change the scoring eriteria for different individuals being rated,
and to differ with reépéct to the distributian of grades throughout the
score scale (Coffman, 1971).

The.Pr@blém of scoring reliability is one which pervades the
literature on creativity research, whéfe tests from the divergent produc-
tion battery arve often employed. Many studies which utilize tests from
the batterv do not report estimates of égaﬁing reliability (Fulgosi &
Guilford, 1968; Cropley, 1967; Cline, Richards, & leedham, 1963;
Christensen, Guilford, § Wilson, 1957). When scoring reliability
estimates are given, they are typiecally low. For example, Shin (1971)
reports scoring reliabilities of 0.81, 0.79, 0.78, 0.74, and 0.68 for
two raters of the five divergent production tests used in his study.
Curiously, the manua;s!agcémpanying the divergent production tests

do nov contain information regarding scoring reliability. Rather,
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alternate fom reliability coefficients are reported. Ffinallv, renorts
©oT the factor analytic studies on the structure of jntellect model F-om
which the divergent production battery was derived do not include
scoring reliability estimates, although various internal consistency
coefficients are réported (Gershon, Guilford, & Merrifield, 1963: Guil-
fcrd§.Christensen5 Frick, & Merrifield, 1957; Guilford,Herrifield, &
Cox, 1961: Hoeprner & Guilford, 1965).

As was indicated previously., the lack of consistent scoring

criteria across raters produces scoring unreliability. A firmly held

belief is that rating errors can be minimized and scoring reliability

increased by the careful training of raters (Guilford, 1964). Thus,

the maj@r‘puracsa of the research undertaken was twofold. First, pro-
cedures for training raters to score protocols from the Utility Test,

a test from the divergent production battery, were developed. The Util-
ity Test was selected from the battery of tests available because of

its wide use in the creativity research literature. Also, this test
provides a measure of ideatigna; fluency, a factor which has been sug-
gested as a prevasive element in éhe measurement of creativity (Fulgosi

& Guilford, 1968; Christensen, Guilford, & Wilson, 1957: Clark & Mirels,

.1970; Shin, 1971). Secondly, the procedures were evaluated for their

effectiveness in increasing scoring reliability. In addition to the
effecté of training, the factor of scoring order was investigated.

Since the Utility Tést contains two parts, one could question whether

the scores assigned by vraters are a function éf the order in which the
raters scored each part, that is, scoring Part I first and Part II second
as contrasted with scoring Part II first éﬁd Part I second. One éauli

also question whether the factor of sequence of scoring systematically



influences the scores assigned. The presence éf a seauence effect would
indicate that the average score assigned to those protocols scoped fipst
differ from the average score assigned to those scored second, resardless
of the test part. One final factor investigated was whether the average
scores of the two parts of the Utility Test were equal. The investiga-
tion of the order, sequence, and test part variables provides informa-
tion tangential to the major pﬁrpggg of the study, but allows one to
examine potential sources of variation in the general rating situation,

METHOD

A. Developmerit of the Training Procsdure

| In developing the traininé procedure, refevence was made to
other types of measuring devices which use ratings, such as essay examina-
ti@ns and projective techniques, asiwell as other measures of creativity.
Develapmeﬁt of consistent scoring standards across all paters appeared
to be the major concern of researchers using such de?iges and several
general prineiples fér training raters were ideﬁtifiéd. The first step
in a-traiﬂing program should be.one of &e%al@piﬂg the concept of in%eresf
and of establishing a rationale for the measuring procedure. Secondly,
the scoring procedure should be made as objective as possible, leaviﬁgé
little room for questions fram'fhe raters (Grant & Caplan, 1857). Non-
évarlappiﬁé response categories should be developed and defined preciscly.
In addition, examples of typical responses occurring in each category
should be includeé- Rater pféctice in the use of fhé gcoring procedure
is a crueial aspect of the training (Tomkins, 1947; Andersen,rlgscg Fgldt,
1962; Eisner, 1965). In conjunction with thése practice sessions, dis-

cussions regarding rating discrepancies should be held (Tomkins, 1947;



Eisner, 1965; Feldt, 1962). Finally, Guilford (1964) has suggested that

the raters be made aware of the various rating errors, such as leniency
errors, relative halo effects, and contrast errors.

Imparting to the rater knowledge about the construct is a érii
mary objective in rater training. This process typically includes a
definition of the construct and/or a rationale for the testing pro-
cedure. In the manual for the Torrance Tests of Creative Thinking
(Torrance, 1966, p. 19), "the importance of familiarity with the
rationale of the test tasks and the concepts of flueney, flexibilityS
originality, and elaboration" is emphasized. Also, included in the
scoring guide for this test (pp. 6-16) is.a discussion cf the raticnale
for both the figurél and verabl tasks. The intrﬁdu;tian to the develoned
training materials contains a brief discussion of divergent production

ard the structure of intellect model, as proposed by Guilford. The basic

factors of fluency, flexibility, orginality, elaboration, redefinition,

and sensitivity are briefly defined. Since the function of the program
is to train raters to score protocols for flueney, a deseription of the
fluency factor and of some of the proposed measures from the divergent

production battery is also included in the introductory sectisoas.

Finally, a discussion of scoring reliability and of some sources of

rating errors, which can produce scoring unreliability, is provided.
The crucial aspect of the objectification of the seoring pro-

cedure is the definition of the scoring categories, The f1f¥hey score-

ascribed to an individual's protocol (a set of responses to a ¢pecified

task) is the total number of acceptable responses produced. In scoring
a protocol for flueney, the rater must classify euch particular resnonse

as either acceptable or unacceptable. As stated in the technical man-



ual accompanying the Utility Test, an acceptable ideational flnenay- re-
sponse has the defining characteristic of relevance (Wilson, Merrifiecld,
& Guilford, 1962), However, the manual for the Plot ™.tles test, the
responsaes to which can also be scored for ideational fluency, indicates
that anv resvonse which is relevant, but not a duplicate of a previous

response, is acceptable (Berger & Guilford, 1969). While the manuals

'acéampanying the divergent production tests do not- explicitly define

the terms relevant and duplicatisn, an attempt was made in the developed

training materials to define more clearly these two characteristics of
an agaéptablé response,

For the Utility Test, the examinee must write as many uses as
he can for a brick (Part I) and fér a wooden pencil (Part II). A rele-
vant respé%se in this context must be an example of a possible use for
a biick or for a wooden pencil. The eritical word is use. In general,
vse indicates putting some object into service for an intended mirpose.
The meaning of the word use stresses the practicality of ‘the object for
achieving some. desired outcome or result. The training materials con-
tain a tabie éf some possible categories of uses for a brick and for
é waadéﬁ pencil. The suggestion to the raters is to use %he list as
a device for familiarizing'thémselvés with some tyées of uses which
might be encountered in scoring responses, but not to regard it as a
campieté listing.' In defining the response charactepristic af duplica-
tion, four situations are described in the fréining materials.

1. If the response is an éxaszreplicatian af a previous respénse, the

response occurring second on the list would be a duplicate..

2. /fnother way in which a.respense can be a duplicate is if the response :
is synonymous with a previous response. For example, with reference to i
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a use of a wooden pencil, "bite it" is essentially synonvmous with the
response '‘chew itif If these tﬁg responses occurred cn a protocol,
whichever one Qccurred second on the list wvould be a duplicate.

3. Another situation in which duplicati@n oceurs is ﬁhén a response is
either a specific or a geneval base of a previous respéﬂse. The response
whlch ozeurs saecond is a dupllcate of the first response. To illustrate
this type of duplication, the respanses "malke a list" and "make a grocery
list" can be considered. 1If the.respanse "make a list" occurred first
gnd "make a grocery list" occurred second on the protocol, then "make

a grocery list" is a duplicate, since it is a specific case of the pre-

viously given general case 'make a list." However, if "make a grocery

list" occurred first and "make A liét?uacéurfed seécdid,  tHen" Umaké & list"®

case "make a grocery list."

4, The final situation in which daplieétian occurs is related to the
previous situation of general/specific duplication. In this situation
what is varied in the response series is the type of specific case.

For example, in the series of responses 'write a story," “write a poem,"
“writeia'sgaéchg"‘"write letters,” all of the responses ‘are subsumed
under the more general response "to write.!" However, only the responses
subsequent to the first given would be considered duplicates.

Given the definitions of pelevance and duﬁlizatigﬁg the rater
must then follow speéific rules for Flassifying a given response as ac-
céptablé or unacceptable.

1. If the response is relevant and is not a duplication of a previous
response, the respanse is cafegar;zed as acceptable.

2. If the response is relevant, but is also é’duplicatian of a previous

S, e



response, the resp@nsé is categorized as unacceptable,

3. If the reépanse is irrelevant, it is automatically categorized as
uniacceptable,

To illuétrate the preceding rules, the process of categorizing the re-
sponses is presented in the training materials as a. flow chart, which

is given in Figure 1. 1In the categorization of a specific response, the
rater must consider two questions. First, does the response provide

a relevint example for the task requested? Secondly, if th; response

is relevant, is it a duplicate of a previous response? When the rater
has ansvered these two questions, utilizing the definitions of relevance
and duplication, fhe response has been categorized as either acceptaﬁle
or unacceptable.

The final section éf the training materials incorporates three
suggestians-f@r rater training:‘ provision of examples of acceptable and
unaceeptable responses, practice in scoring sample responses, and dis-
cussions of rating discrepancies. This section of the training materials
is structured so that each rater scores the brick responses of three
'individuals” and then scafes the wooden pencil responses, but the szor-
ing process is done in conjunction with the,fraiﬁing manual. The re-
spﬂéses of the three "individuals" to both parts of the ﬂtility Test
were developed to provide raters with éxampies of relevant and irrelevaut
responses and fhé types of duplication outlined previously. When a rater
begins scoring the sample protocols, the instructions in the training
materials indicate that he is to consider the first response and decide
whether the response is acceptable or unacceptable. : In order to compare

his decision with a standard, the rater then lifts the slip of paper

©eite i



FIGLRE 2

Procedure Used in Scoring Protocols for Fluency
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following the response. Beneath the slip, the correct categorization

is given. This process is repeated for each response given on-the rro-
tocol. With this structure of training materials, all raters can be
exposed to the same informaticn, where, if training were conducted with

groups of raters, the specific information may be contingent on the na=

ture of the group. Finally, a coding sheet was developed to provide

raters with a method for recording their decisions. The eoding sheet
was designed to include a system for insuring that the number of tai;ies
recorded for the acceptable and Uﬁaéceﬁtable responses sum to the total
number of responses given. A coding sheet of this form shéuld;réduce
the number ?f.égﬂiﬁg erTors on th; part of the rater. The use of the
coding sheet is exblained in the training manual and practice in its

use is provided during the scoring of thé sample protocols.

Prior to the evaluatiéﬁ of the preceding training materials,
try-out sessions were conducted. Volunteers were_a&miﬁistered the
training materials and on completion, iﬁéEPEﬂdéﬁtly scored a sample
brick protocol and 2 sample wooden pencil protocol. These protocols
were developed to include examples of the relevance and duplication

cha»acteristics of responses. The results of the try-out sessions in-

dicated that the transition instructions between the definition of re-

sponse characteristics and the scoring of sample protocols required
clarification. No systematic errors in scoring were indicated by an
item by item analysis of rater scoring of fhevéamplé protocols. A
final observation in the try-out sessions had implications for éhé a-

valuation procedure. During the try-out sessions, the raters worked in

the same room. Competition between the individuals to finish first or
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to keep up with others in the room indicated the .mportance of raters
working independently and in isolated conditions.

B. Evaluation of the Developed Training Procedure

Raters
In most of the research utilizing some portion of the divergent
production battery, those responsible for scoring prataéolé have included
the principle researcher and/or members of the staff, graduaté or advanced
undergraduate students, or teachers involved in the project (for erample
Cropley, 1967; Clark & lMirels, 1970; Schmadel, Merrifield., & Bonsall,
1965; Fulgosi € Guilford, 1968: Shiﬁ3 1971). To summarize, the general

clase of raters utilized cguld be best described as an adult, well-ed-

‘wv

ucated, volunteer group. Iﬂ the present study, volunteers were requesied
fram graduate students in the Department of Educat;éna; Research, 3chool
of Education, University of Pittsburgh. In the request, studerts weve
infafmeé that raters were needed to score respsnéés to a creativity

test 2nd that the task should take at most twe hours to complete.
Information regarding the specific problem and the nature of the vapiable
being considered was withheld. Of the 21 students asked to participate,
20 volunteered their services,

Instrumentation and Protocols

The Utility Test purports to measure the structure of inté;le&f
factor of ideaﬁiénal fluency. This test is composed of two parts and
in each part the examinee is required to write as many possible uses as
he can for a spec f,ed object. In Part I the object is a bzi;kvand in
Part II, a wooden pen3i1; Five minutes are allotted to each part.

Protocols for the subtests of the dlv;rgent Eroduﬁtlan batterny,




including the Utility Tgst, vere availaﬁlé from a previous investigation
(Shiﬂg 1971). In June, 1971, tests from the divérgént‘pféduetién bat=
tery were administered to 125 el:venth grade sfudents of a suburbaﬂ
Pittsbufgh school d;str;et_ From this pool of students, 20 individuals - -
were faﬁdamly selected. The responses of these 20 individuals to the
Utility_Tést were then reproduced, so that four sets of protocols in the
séma Stylé'éfrhandwritiﬂg were available. During the scéring session,
each rater received a set of 40 pratacalsg a set af,respénses fﬁ Part I
and to Part II of fhe‘Utilify Test for 20 individuals.

Training Methods

Two training methods were c@mpareﬂé one labeled the developed
training method and the other, the usual training method. With regard_
to the usual tralﬁ ng method, litt 1 ﬁfgrmétian about the rater train-
ing praeadurgz for divergent praduetian tests is availablegrﬂThus— the
delineat;an of t the usual training method was derived from an examination
Qf the Utility. Test maﬁua;;’ Farrthe purpose of this study, the training
pfaeeduré referred to as,thé usual training method cansisted‘gf the
fgllawing pr@cédﬁfe. A rater receivgd a pagkage of tralﬁiﬁE materials. .
Iﬁeluded in thls package were general 1nstruct;ans for praceedlng
,fhrgugh the matérlals, a copy of the scarlng directions provided in the
Utlllty Test manual,,and a blaﬂk, sample test with a coding sheet for
greccrdiﬁg scores. The coding sheet provides spaces for recording the
bnames of thérindividqal and the score associated with that individual.
The rater was instrueted to read the manual and the sample test cave-

fully and to develop for himself a method for recording the total num-

- bérrﬁf aceeptable TEEPQBSES given by an individual to each part of the
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test. Na'ratignala‘far the test o» the Sccring'Praceduré was providad
béyond that information ingluded in the materials. Each rater worked
independently and #as isaiatéd frém'etherﬂfatérsi No questions épe&ific
to the scoring procedure were answered.

Raters trained witﬁ the &EVélﬂpéﬂ training method alse received
a package of training matefials; IncluﬁEQ in this. package were général
instiuctiaﬁs for procssding through iﬁé matgrials and a Dréﬁraﬁ which
vas d551gned specifically to traln rater's to score the Utility Test
whlch was deserlhed previousiy. During the training session, each rater

worked inﬁepeﬁdently and was isolated from other raters. Again, no

questions specific to the scoring prOEEdUPES were answered.
Frogedure .
From the pool of 20 vélunteers, ten were ranﬁamly selected to f

be members of the develaped training mgthad group. The remaining ten g.

were trained with the usual method. Within the two training groups, E
five raters were randam1§'selacted tc gcore the responses to Papt i: %
first and to Part II 5e§aﬂd (order 1) and the chér flVé cared proto-

cols in the order Part II first and Part I second (order 2). FEach rater §
was perméttéd to select the time and the location for participation at g
his convenience. When a given réter.pafficipatéd, he was provided with ;
é package containing the appraprlate training materials, Each rater

warkead lﬁdepaﬁggntly and was 1salated from other rater_wha may have f
also selected to participate at that time. After Eﬁméleting the training g
session, each rater received the protocols of 20 individuals to score. f
The instructions for the scoring seséiaﬁ indicated to the rater in which

order.hs was to scor: the protocols; That is, either all responses to

Part I were scored fifst or all responses to Part II wape éearéd first, é

¥
ki
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i
No questions regarding the scoring procedurs wope answerad. The order
of the 20 individuals was randomized for eaéh rater. Members of the
usual training method group averaged approximately ona nour in’ completing

both the training and the seo ring sessions, while members of the dﬂv&l@ped

training method grcup averaged %ppraximﬁteiy two hgurs in completing both

e

sessions. Within a period of one week, all raters had participated in

the study.

A. Design

In the Prezent study, zix main Sources of variation were
iﬁVEStiEatédZ type of training ﬁr@cedureg raters, individuals, test
part, sequence in scgring, and prder of scoring each test part. In each

£ the two training procedures, one half Dfrthé raters (5 R) scored the
responses f 20 Individuals (I) to Part I first and to Part II second
(ordery I II), while the ‘remaining half @f the ﬁatais scored Part II

first and Part I second (order II, I). In addition, the scores were

-assigned over a sequence factop: scores assigned first (sequence 1)

and scores assigned second (sequence 2). Considering ‘the part, order,

and sequence variables, a 2 X 2 X 2 factopial design with eight design

cells can be generated, as shown in Figure 2. However, when the natupe

of each cell is investigated, certain cell combinations do not exist,
/ ~ ?

Given the order I, II, raters can not vossibily score Part I first and
Part IT second. Similarly with the order II, I, the cells corresponding
to raters scoring Part I in Sequence 1 and Part II in sequence 2 do

not exist. ThQSEEEPEESihEtEhEﬂ cells in Figure 2 represent those con-

ditions which exist for the Present study. If the rater and individual
dimensions are added to the existing cell combinations indicated above, p
- i
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FIGURE 2

Representation of the Present Studv
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variable to the design in Figure 3 would duplicate that design so that twe
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usual training ﬁethéd. Hhile:the individual dimension crosses all of the

factor levels, raters are nested within order and tréiﬁiﬁg methad,.but aré

crossed with the ﬁart; sequence, and individu;l variables. »
FIGURE 3

Design of the Present Study, Not Including Training Dimension
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_ are placed in parentheses. In addition to indicating the sources of

15

ulting designs.is best described as a fractional hiorachical

Tha res

\rﬂ

" desipn and, thus, many of the sources of variation are confounded

(Cox, 1958, pp. 247-268; Kirk, 1968, pp: 385-387). Confounding in a

design means that some, or all, of the sources of variation c¢an not be

 separated, logically or mathematically, from other sources of variation

i
I

-in the design. Table 1 presents the sources of variation, the alias, or

confounded, terms of the design, and the éxp@éféd maan sguares,’ The
training method is indicated with the letter T: iﬁdividualsg wigh I
raters whieh are nested within orders and training method, Witﬁ R (0T);
scoring order, with 0; test part, with P; and sequence, with S. The

remaining terms ave the appropriate interaction terms. Nesting factors

variation, the capital letters have also been used in the specification
of the coefficients for the expected mean squares. For example, the

coefficient of the variance component G%T is LPSR, where LPSR equals

the product of the number cfsarder levels (L), the number of test parts
(P), the number of sequence levels (&), and the numbpr of raters within
a given ord2r and training method (R), In stétiﬁg;the linear model for
the data, ﬁirk (1968, p. 390) suggests a naﬁatian which Includes the alias i
terms. Thus, the model o be analyzed can be stated as , ;

Y. _=u+a,+

iropst i rlot) T Yo {ﬁﬁ g1 * é fym g3+ mg {ys o} ;

op

f Tt + ab;r(at) {aﬁw } + ac, {aTw } ¥

+ aﬁis_{avﬁiap} +ar, + ébpr(gt) {ﬂbsf(gf)}

+ ™o {Tﬁﬁtps} + {Tywtgs} + ™ {Tysfap}

+ Taﬁtig {TaﬁﬁtiPs} + Taﬁtip [Taﬁﬁtigs} 7 : é

{TSYﬁ } + 8ab 1+ E(irapst)' o ;

+ Tan .
T tiop pir

tis ot) {mabinot)

s
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TABLE 1

Soureccs of Var;atlan, Alias Tgrmg, and Fxpacted MNean Squarus of the Study

Séi ﬂéllas 7 . ' Expect;d déan Equare o ;
R(OT) o2 + PS G%R(GT} + sz G%(DT) E
0 PS o2+ PSRT 02, + PS g%R(DT)'+'PSI 0% (opy * PSIRT 03 %
P 0S a2 tSo % 1R(om) * szvsgﬁch) + LSRT o2, + LSIETvE% E
s 0P 02 + P o2 1ocony * PL 0Bp(gpy + LRT o2+ LPIRT o2 |
T . g2 + LPSR a%T + PS @%R(DT) + PSI cR(QT) LPSIR 02 f
IR(OT) o + PS ofp omy
10 IPS o2 + P§ GIECDT) + PSRT o -
1P . I08 o2 + 8 j%IR(DT) + LSRT g%P
s IOP o2 + P g%ia(@r)‘* LPRT o
IT | o2 + LPSR G%T
PR(OT) SROT) 0% + 8 0Bypory * ST 9B o)
10 TPS o2 + PSR o2, + PS 0%y 0y + PST 03 oy + PSIR o2
. 108 62 + § g%IR(DT) + LSR 0B, sI ﬁFR(DT) LSIR 0%, | ,é
TS TP 0% 4P oRipeory * LER ofrs *+ PLoBpcor) * PSR odpy i
TIO TIPS 02 ¢ PS QIR(DT) + PSR S%ID : : ; ‘g'
TIP TIOS a2 + 8 ﬁPIRCDT) t LR ok ' é :
TIS . TIOP o% + P ofrpcor) * LR Ofgg o E

' T »“'. T 2 4. 8qg2_
PIR(OT) S8IR(OT o~ + § ﬁPIR(DT)
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Random effects (individuals and raters) are represented by!Latiﬁ letters,
while fixed effects are indicated by Greek letters. However, any
interaction term containing a random factor is also a random factor,

The terms within the braces are the aliases of the corresponding sources
of vaﬁia;ian.‘

‘B. Estimation of Scoring Reliability

When the theoretical definition of reliability, the ratio of
the true score variance to the observed score variance, is recail&d, the
- problem of partitioning the observed score variance into its true score
and error score components becomes evident. Burt (1955) suceinctly
p@intad out the problem when he remarked,
Ve have seen that a reliability coefficient is intended to indicate
the ratio of the estimated variance of the "true" measurements to
the actual variance of the observed measurements, i.e., to the
"total variance" conceived as the sum of the 'true variance' and
an "error variance." But how do we know that the value taken in
the numerator in the ratio just calculated really represents the
"true variance'' we have in mind, and that it does not incorporvate
something that we might (if we knew its real nature) also might
regard as error?’  (p. 115) : '
Estimating reliability by correlational methods does not permit-the in-
vestipgator to partition the observed score variaﬂéé,,exce?t at a gross
level. The analysis of variance, on the other hand, allows the possi~
i bility for such partitioning of the observed score, of total variance.
Through the use. of experimental design and the analysis of variance,
factors which affect the reliability estimates can be identified and , 'j .
more precise estimates of reliability can.be obtained. The use of T f
analysis of variance procedures to estimate test reliability, in general,

and ratings,‘specifigally; has been suggested (Hoyt, 1941: Ebel, 1951).

Typically, two sources of variation are identified: -individuals and - . i
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test items (test reliability) or individuals and test raters (rating
rellablL;ty). Hawever the principles of design can be extended to more
Eémplex designs} where a number of vzriables can be investigated
(Stanley, 1962). | | |

To estimate the scoring re;iability for éach training ﬁrageduresg
the sums of squares and ﬁean squaﬁesxwere computed ssparately'fér each
#roup, The model analyzed can be derived frqm formula (1) by execluding
from the model any source of variatian which contains the training
method and eliminating the training methéd as a nesting variablé.r Thé
expected mean scquares fé: this derived model can be obtained from
Table 1 in a similar manner. Table 2 pPESéﬁté the'summary table used
in estimating the sgariﬂg,réliability.

Given the true and error score model for estimating the average
rellabll;ty of ratlngs with the data anélyzad in the,analy51s of variance

procedure. The general formula is given by

avg p = - ﬂ 7§ T (3)

whefe MES is the mgaﬁ'squéré for subjects, MS, is the error meéﬁ,squarea
and. k is the number of raters. To estlmata the average sggrlng
reliabilities of the two training graups, fgrmula (2) vas restatad'in
febms of the present dési,n, The anprcprlate arropr mean squara for the
1ndlvldua1 mean square (HS ) is the mean squara for the 1nd1vidual by
rater ;ﬁtﬁractlaﬁ CMSIR) and SlﬂCE.FlVE raters are nested within the

. 40 orders, (k-1) is equal to éight,,Subsfituting,thé appropriate values

into formula (2), a scoring veliability éf 0.92432-was obtained for

the raters trained with the developed materials, while a scoring relia-

SRR ST
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TABLE 2

_Sunmary Table for Reliabilitv Estimates

s .2 MS__ S . MS, ..
pTi  "Spy SSym M8y

_Source’ © ar B
I ) 19 u4205.90 . 221.3632 6751.4475 . 355.3393

R(0) 8 90.66  11.3325 2591.2600  323.9075

IR(0) 152 303.84 © 1.9957  1140.1400 7.5009

0 {Ps} 1 1.uy 1.14400 85.5625  85.5625

P {o0s} 1 20u.6h 204.6400  575.4025  578.4025 o
s f{or} L 9.00 - 9.0000 - §.0025  6.0025

10 {I?S} _ 19 _f 27.66 1.4588  341.9875 ,lﬁisséa

TP {108} 19 730.06 38,4242 1901.3475  100.0709

IS {I0P} 18 42,100 2.2158 75,7475  3.3795

OR(0) {SR(D)} 8 93.76 11.7200 7159_3§0é!‘ lli165§

PIR(0) {SIR(0}} 152  30s5.44  2,0095  513.6800 .  3,7947 | P

The aliases of the sources of variation are in braces.

N

DTM indicates the developed training method.
3 s as
"UTM indicates the usual training method.

‘bility of 0.83755 was obtained with the usual training procedure. Ehel . i

(1951) showed that formula (2) is equivalent to the average intercorre-

latigﬁ’betﬁgén éll'péssible pairs gf‘rétersg Thus, fﬁesa'réliability
estimates can be thought of as average estimates of rating réiiabi;ity
for each training group.

Examiniﬁg the gaﬁpanents in the expegtgﬁ mean sauafe, Ebel (1951)
showed that gﬁe'gau;ﬂ'eithé?ﬁihgluderthe‘ﬁbgtwaéﬁﬁfaters" variance in

the formula or could exclude the term. The inclusion or exclusion of

' 1 . . : .
the term, however!, depends upon hov the ratings are to be used.
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Specifically, the "between-raters' variance -should be ramoved
where the final ratings on which decisions are bascd consist of
averages of complete sets of ratings from all observers, or
‘ratings which have been equated from rater to rater such as ranks.
Z-scores, ete. Likewise, if comparisons are never made pFEthCEllY
but only experimentally, betwaen ratings of pupils by different
raters, ‘the "between-raters" variance should be removed. But if
decisions are madé in practice by comparing single '"raw!' scores
assigned to different pupils by different raters, or by comparing
averages- which came from diffavent groups of raters, then the
”betweensraters” véflanéa shauld be lncluded as part of the error
~terms. {p.:12)

When the “betweaﬁ‘raters" variance is included in the error term, the
_ fallawlng formula (Ebel, 1951) is appréprlate for estimating scoring

reilablllty
(ss +ss)

avg "brir s gt KoL (3)
| , ¥ 85,

where Sssliz the sum @f squares for subieects, Sscsis fhe §uﬁraf squares
for raters, st is tﬁé_erraﬁ éum-af squares, and k is the number of ' é—“
raters. Agaln, Substltutlng thé amwrcprlate sums afisauares and ther

value 21ght fgr (]%1) into fcrmula (B) the secrlng feliab111ty éstlmate

wh;ch includes the ”betweeniratafs vaflance is 0.90364 for the

developed training method groﬁp and 0.62674 for the usual training group. o ?
Formula (é) é;sa pﬁavides an agérggg,esfimate of rating reliability,

except that the éafiahility between raters is included in the error

term. Thus, both formulas (2) and (3) are equivalent to the,avaﬁagé i
»iﬁtergarrelatian between all pairéraf raters of the between raters g
variance is either,iﬁcludei'in the error ter% for both computations or :
excluded in both camﬁutatiansg

H@ﬁeyer; if anéiisvinteréstéd iﬁrfﬁé ralia@iiity Qf the average ‘ ?

of ratings, Ebel (1951) has shown:that this reliability estimate is f g




equivalent to
) MSS - HSE ,
r, S e : : (&)
&

where MSE and HSE are interpreted as in formula (2). This‘féfmula (w)
can be obtained through the application of the Spearman-Brown Tormula
to formula (2). If one were to find the average rating assigned to éach
individual and ther to obtain a reliability estimate of these averégési

this estimate would be equivalent to that obtained using formula (4).

A reliability estimate of the average rating is 0.99098 for the developed _

trainiﬂg method and 0,97889 for the usual training method.

When the three reliability estimates of the two rvater training
groups are compared, tvo résults become evident. First, the reliability
estimates fop the dEVElDPéﬂ training mefhéd group are caﬂsisténtly )
higher than those cbtained for the usual training methcd Prcup In
add;tlan the rellabllltyrest;matas for the developed tralnlng method
group are greatér_than.ﬂigD, while iﬂ‘the_usual methad gr@ﬁpq_énly the
estimate for the réliability of'thé average score is greater thaﬁ 0.90.
The secaﬂd factar to can51der is a comparison bétWEEﬂ thé iwa tralnlng
.groups af the average fel;abl;lty estimate Whéﬁ the between rater
variance is excluded and vhen it is 1né1uded Iﬁrgéneral, when fhef-
b%tWEEﬁkfatEr variance is included, the reliability estimate is 1awer
than when the estimate éé;ludes this variance. This'feductian in
reliability is;reascuablé;,since more variabilify is being included into
the error component. ‘F@r the present study, when the between ratér
variance is included, the reliability éstimatéris reduced from 0.83754

to 0.62674 in fhé usual training method, while the reduction iﬁ'the

estimate for the develgpedrtrainiﬁgihethad is,frém‘a,sgqaé to Ofgbaéésg
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Typcially, the scoring reliability éstimatas reported are based on the
use of computed formula (2). This differential reduction in the scoring
reliability estimates serves to indieate the pﬁéSEEQE of more variability
among the raters wh§ were trained with the usual procedure than among
those trained wifh'tﬁe defé;@pad procedure.

C. Analysis of .Training Design

The results of the training design are presented in Table 3.

As shown in Table 1, no appropriate mean squares for the denominator of

an F ratio are available for some sources of variation. For example,

no other source of variétian has the expected mean square of 02 + E
PSRT UZ + PS UIR(QT) + PSI ER(DT), which would p?avide the appropriate é
denominator of an F ratio to test the O source of vériafién. fnlaréEﬁ- é
;té test those sources for which no appropriate denominator was-availaﬁle, %
% . ‘ é
~ quasi-F ratios (Kirk, 1968, pp. 212-214) ware formed and the degreaes of fé
freédem for thesé ratios Qere gémpute§, as indicatéd in Table 3. Since E
~the design contains only one observation ng'331ii‘n¢ divect estimate of %

the within cell variability is available. However, the tests for the
I, T, IR(OT), and ITvsauraes af,variatian required'an astimate of this
variabilityg Therefare the thhESt order lﬂtgfactlcn, PIR(DT), was | ‘ | 54'
aESumEﬁ to be zero anﬂ tha ‘mean sqvara associated with this 1nteract1@ﬁ ?
vas used as tﬁe estimate of the Withiﬁ cell variability. To summarlge ;
the results shown in Table 3, thréé‘éréas of interest can be identified:
the effects of training, the effects of the rating situation, and the
effects associated with the test paft;

Estimating the méan score aséigned in each of the two training
groups, the mean Sco:e of the exper;mEﬂfal graup is estlmated as 7.35

and the mean score- Df the gantral grﬂup is 13 0725 “The SLgnlficant
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TABLE 3

ANOVA Summary Table for the Training Design

Source dF ss o owug - p . 4faf,
1 1S . 9424.02375 496.00125 5.83614° 19,217 <0.001

R(OT) 16  2681.92000 167.62000 35.30113 16,304 <0.001
0{PS} 1 32.40125  82.40125 210047 187
P{os} . 1 794.01125  794.01125 49.20784 1,31 <0.001

s{op} 1 © 15125 15125 - .20005° 173,232

T 1 6549.40125 6549,40125 26.38556° 1,292 <0.001 S
IR(OT) 304 1243iésooa  W.74829 1.76224 304,304  <0.001 .
iD{IPS} 19 178.82375  9.41178 1.98214 19,304 " 0.009
iP[IDS} 19 1995.5137s 105.02704 38,9787 19,304  <0.001
Is{10P} o019 52.87875  2.78283 1.03279 19,304  0:423
o | 19 =~ 1533.32375  80.70125 29.95069 '~ 19,304 <0.001

~ PR(OT){SR(OT)} 16 133.Dsoéa 11.44250 4.26666 16,304 ec,oa;
-TO{TPS} - 1 54.60125 4.60125 33406 ;,;g? §i570
TP{T0S} 1 34,03125  34.08125 .81775  1,30° 0.373

TS{TOP} 14.85125  14.85125  .81457° 1,25  0.375

b

TIO{TIPS} - 19 190.82375 10.04336 2.11515 19,304  0.005
TIP{TIOS} " : 19 635.89375 33.46809 12.48783 19,804 <0.001
- TIS{TIOP} 19 64 . 97395 "3.4;§57 1.26014 19,304 0.202 ¢
CPIR(OT)(SIR(OT)} 304 610.12000  2.68447 .

T i L
LSl + MSQ

. 1Quasi—? ratio of the generval form

QDegraes of freedom for the numerator and denominator, respectively, R B

of the quasi-F ratio
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difference between the mean score assigned in the two training groups

is most likely assaéiatéd with fhe ﬂéfiﬁitiéﬁvﬁf fluency'devélaﬁed in

the training materials. The definition is more precise and, with tﬁa'ﬁ

" inelusion of the reép&nsé charaetéristic of dupiicatian, mor'e rastrictivg,ff
than the dgfiniti@n provided in the Utility Test;manual. However, given

the discrcpancies in the definition of ideational fluency across tests

developed training materials is appropriate. In addition,.the presence

of the signifiecant IT, TIP,‘and TIO interactions indicates that the

training procedure has a. differential effect in conjunction with differ-

ent individuals and combinations of test part and scoring order. The

nature of confounding, hawgver,'camPlicatésithis analysis. Specifically,
the fact that the TIP and TIO sources are aliased with the TIOS and

TIPS sources Eégpegtivelyg‘&aes not allow for a precise interpretation
of the interacti@ﬁs. To analyzé these-interactivé effects would- |
require,furfher iﬁvestigati@ﬁs with uneanf@uﬁded désignsg 7 |

The resﬁlﬁsvéf thé éresent study also provide insightg intg the
general rating situation. The presence of a significant individual
effect indiéatas'variability among the séurcés'assééiafed with individuals
in thé'p@pulatiéﬁwana an esfimate‘éf this #ariability; 5%;'is 5.1656.

"Guilford (1964) has termed this variability in the rating situation

absolute halo, which reflects true variation among individuals being

rated. The presence of the significant rater effect indicates variability
'amang the raters and an estimate, 3%, is 2.0859. Raterrvafiability h§5  :Z'
been termed lemiency error by Guilford (1964) and can be interpreted

‘as systematic differences between raters in the scores assigned. The




estimates of the average scoring reliability which includes rater
variance would indicate that more rater variability is associated with
raters trained with the usual method than those trained with the
developed method. On the basis of this information one ecan conjecture
‘ that the developed training procedure reduces the between rater
variability. ‘

In addition to the significant individﬁal and rater main effects,
two interactions involving the rater dimension were also significant:
IR(OT) and PR(OT). The IR(OT) intevaction indicates the tendency for
raters to rate indiviéua;s differéntialiy and has been termed the
relative halo effect (Guilford, 1964). Further investigation of this
relative halo effect would be facilitated by including the level of
rater creativity into the design. In other words, the tendency. of
raters to rate individuals differentially may be a function of the
rater's own capacity. Similarly, the PR .(0T) interaction
indicates the tendency for raters to score the test parts differentially
~and provides evidéﬁcé for the presence of a contrast rating error
Céﬁilferd, 1964). However, this interaction is confounded with the
SR(OT) interaction, so that the interpretation of the PR(OT) as
reflecting a contrast error is only tentative.

Finally, axsignificaﬁt difference bétWééﬂ the scores assigned to
the test parts is’e%idenﬂea. An estimate of the mean associated with
the brick task is 11.2075 and of the mean associated with the wooden
pencil task, 9.2150. Although the part main effect is confounded with
the ardgr/sequence'interactian, the presence of this difference should

necessitate the reconsideration of the task equivalency. Researchers




have assumed the equivalency of the brick and wooden pencil ‘tasks,
However, this equivalenev is questionable in light of the significant

P main effect and requires additional investigation. The presence of a

significant IP interaction, which is confounded with the I0S interaction,

would indicate the differential response of individuals to the test

I

parts. Again, this interpretation is contingent upon the presence or
absence of the I0S interaction. | |
CONCLUSTONS
In summary, the twa'maiar effects of the developed training
procedure were to maintain scoring reliability at a level greater than
0.90 and to raducef%he ave?agé fluency score aésigﬁadi As pointed out

previously, the estimates of the scoring reliability for raters trained

with the developed training method are consistently higher than for

those trained with the usual method. In addition, the scoring reliability

estimates are maintained at a level which is of practical significance
in the further use of the. Utility Test. This level of scoring re-
liability is maintained even when the between rater variance is included-
in the religbility éstimate. Such results are not obtained when the
scoring reliabilities fcr raters trained with the usual procedure are
estimated. These results strongly suggest the éffectiVéﬁéss of training
raters to score pr@fégéls for 1deatlcﬁal fluency.

The. training pracedure develcped for the present study consisted
of a number of conponents: the inclusion of the rationale and theory of
the Utility Test, the definition of the response characteristics of
relevance and duplication, se@riﬁg practise, nd discussion involving
scoring ﬁisérépaﬁéiesg To indicate whlch fagt@r in the traln;ng

prageduré pfaduced the results wau;d requ;re add;tlénal lnvestlgatlans

=
3 .
i3
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However, one can consider the generalizability of the training model
utilized in the present study to the other measures of creativity
available, as well as to the other factors of creativityi The present
study has invelved only the factor of ideational fluency: the factors
of flexibility, elaboration, and orginality and the associated tests
were not considered. To apply the training procedure model would
necessitate a careful and precise delineation of the factors involved.
This definitional process is highly recommended. Unless the raters are
provided with clear guidelines for scoring the factors and with practice,
one would expect rater variability to be greater than when raters are
pfavidéd with such information. In other words, the definition of the
scoring categories and practice in using these categories is seen as
an integral part of training. |

Many issues in the area of creativity research are still
unresolved. For example, the establishment of creative mental abilities
as a construct distinect from that of intelligence has not been econfirmed
(McNemar, 1964). Also, the relationships between intelligence, creative
mental abilities, and academic achievement (Shin, 1971) are yet unclear.
Given the evidence for scoring unreliability, one can conjecture that
the relationships and research inconsistencies might be made more

definitive, if scoring reliability were improved,
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